ng/L, P = 0.0576) although not reaching the statistical significance. IFN-γ and soluble CD14 levels were not increased. In vitro , LPS stimulated significantly and dosedependently IL-18 secretion from PBMC. Incubation with ethanol reduced LPS-stimulated IL-18 secretion by about 50%. The mRNA expression of IL-18 in PBMC and the response of PBMC to ethanol and LPS was similar in CP patients and controls. In PBMC, no significant differences in IL-18 protein levels were detected between patients and controls. IL-18 protein levels were increased in CP tissues compared to normal pancreatic tissues. IL-18 was expressed by pancreatic acinar cells and by infiltrating inflammatory cells within the pancreas.
INTRODUCTION
Chronic pancreatitis represents an inflammatory disease characterized by repeated attacks of acute pancreatitis, severe abdominal pain, progressive destr uction of the pancreatic tissue with fibrous replacement of the parenchyma leading to both exocrine and endocrine insufficiency [1] . In industrialized countries, excessive alcohol consumption is associated with the development of chronic pancreatitis in the majority of patients [2, 3] . The early stages of the human disease remain almost inaccessible to investigation. Recent genetic findings suggest that premature digestive enzyme activation with subsequent pancreatic autodigestion represents a dominant factor in the initiation of acute pancreatitis [4, 5] . These genetic studies also support a progressive link between repeated episodes
CLINICAL RESEARCH
Enhanced expression of interleukin-18 in serum and pancreas of patients with chronic pancreatitis of acute pancreatitis and the development of chronic pancreatitis [5] . However, the exact immune mechanisms underlying the progression of chronic pancreatitis remain unclear.
The identification and characterization of pancreatic stellate cells (PSC) provided deep insights into the development of pancreatic fibrosis [6, 7] . Activated PSC synthesize and secrete increased amounts of extracellular matrix proteins resulting in the fibrotic destruction of the pancreas [6, 7] . Recent in vitro studies have demonstrated that alcohol and its metabolite acetaldehyde [8] , oxidative stress [8] , growth factors such as platelet derived growth factor [6] , and the cytokine transforming growth factor (TGF)-β1 [6] have the capacity to activate PSC during pancreatic injury. More recently, it was shown that PSC also responds to additional proinflammatory cytokines such as tumor necrosis factor (TNF)-α, interleukin (IL)-1, IL-6, and antiinflammatory cytokines such as IL-10 [9] . During chronic pancreatitis, lymphocytes and mononuclear cells infiltrate the pancreas and contribute to the local progression of the disease through T-lymphocyte mediated cytotoxicity and production of cytokines [10] [11] [12] [13] [14] . However, data reg arding the role of cytokines in chronic pancreatitis remain limited. IL-18 represents a proinflammatory cytokine that plays an important role in the Th-1 response due to its ability to induce interferon (IFN)-γ production in T-cells and natural killer cells [15, 16] . IL-18 has been investigated in a variety of inflammatory and autoimmune human diseases [17] . In previous studies, our group and others have demonstrated an upregulation of serum IL-18 levels in patients with acute pancreatitis [18] [19] [20] . In vitro studies have shown that endotoxin induces IL-18 gene expression and secretion in human peripheral blood mononuclear cells (PBMC) [21] . In a previous investigation, the serum levels and gene expression of IL-18 in PBMC of patients with alcoholic liver cirrhosis were significantly enhanced compared to healthy controls, and IL-18 levels correlated with plasma endotoxin levels [22] . These data raise the possibility that IL-18 also participates in the immune mechanisms that result in the fibrotic destruction of the pancreas during chronic pancreatitis. Thus, the aim of the present study was to investigate this cytokine in patients with chronic pancreatitis. We determined the serum levels of IL-18, IFN, IL-12 and soluble CD14 in patients with chronic pancreatitis and healthy controls. We performed several in vitro studies with PBMC. We determined the protein expression of IL-18 in chronic pancreatitis tissue and in normal pancreas, and conducted immunohistochemical investigations in human pancreatic tissues.
MATERIALS AND METHODS

Patients
A total of 29 patients (22 males, 7 females; mean age 52 ± 11 years) with alcoholic and non-alcoholic chronic pancreatitis and 30 healthy controls with no history of alcohol abuse (10 males, 20 females; mean age 39 ± 11 year) were prospectively enrolled into the study at the University Hospital of Heidelberg at Mannheim, Mannheim, Germany. The study was approved by the Ethics Committee of the Faculty of Clinical Medicine Mannheim, University of Heidelberg, Germany. Written informed consent was obtained from each participant.
Data on the history of both alcohol consumption and the clinical course of pancreatic disease were assessed by patient self-report and review of the medical records. In each participant, a detailed history of alcohol intake was established using different screening methods, including the Lübeck alcohol dependence and abuse screening test (LAST) [23] , the alcohol use disorders identification test (AUDIT) [24] , the lifetime drinking history (LDH) [25] , and a patient interview questioning ICD-10 criteria of chronic alcohol dependence [26] . Alcoholic disease etiology was established with the presence of at least one of the following criteria: (1) patient self-report of alcohol abuse as cause of the disease, (2) patient self-report with a history of excessive alcohol intake of at least 80 g per day in males and 60 g per day in females for some years, or (3) smaller amounts of daily alcohol intake in combination with answers gained from the above mentioned screening methods for alcohol consumption that allowed the diagnosis of chronic alcohol abuse.
The diagnosis of chronic pancreatitis required the typical clinical features of chronic pancreatitis with or without recurrent episodes of acute pancreatitis, and was based on the determination of pancreatic exocrine and endocrine function, pancreatic imaging or histological tissue examination. Pancreatic imaging was performed either by endoscopic retrograde pancreatography (ERP), computed tomography (CT), magnetic resonance imaging (MRI), or endosonography. In each patient, abdominal ultrasound was performed. According to the definitions of an international workshop on chronic pancreatitis [27] , patients were further classified as suffering "definite" or "probable" chronic pancreatitis. Briefly, the classification of "definite" chronic pancreatitis required a typical clinical history of chronic pancreatitis and one or more of the following criteria: (1) calcifications in the pancreas, (2) moderate to marked ductal lesions, (3) marked exocrine insufficiency, and (4) typical histology of an adequate surgical specimen [27] . For the diagnosis of "probable" chronic pancreatitis, one or more of the following criteria were present in addition to the typical clinical features: (1) mild ductal alterations, (2) recurrent or persistent pseudocysts, (3) pathological secretin test, and (4) endocrine insufficiency [27] . In all patients, an episode of acute pancreatitis at the time of recruitment or within the last two months before inclusion into the study was excluded. Additional exclusion criteria were infections with fever or leukocytosis, liver cirrhosis and surgical or endoscopic interventions within 2 mo before examination.
Routine laboratory parameters
Routine laboratory parameters were determined in serum samples taken at the same time as samples for cytokine and endotoxin measurement. These parameters included serum concentrations of amylase, lipase, C-reactive protein (CRP), creatinine, and total white blood cell count. Endocrine pancreatic insufficiency was determined by the presence of diabetes mellitus requiring antidiabetic treatment or records of an abnormal oral glucose tolerance test. Exocrine pancreatic insufficiency was defined by diarrhea, steatorrhea or maldigestion that was markedly reduced by enzyme supplementation. In some patients, pancreatic exocrine function was determined by using one or more of the following commercially available tests according to the manufacturer's recommendations: measurement of fecal chymotrypsin by a colorimetric method (Chymo, Boehringer, Germany), determination of fecal fat excretion by infrared reflection method (Esetek Analyser Fenir 8820, TSZ Stimotron AG, Wettenberg-Launsbach, Germany), measurement with the Pankreolauryl test N (Temmler Pharma GmbH, Marburg, Germany) or application of the pancreozymin-secretin-test (Sekretolin Diagnostikum, Hoechst AG, Germany or Takus, Pharmacia GmbH, Erlangen, Germany).
PBMC isolation and incubation with ethanol and endotoxin
Peripheral venous blood was collected from patients and healthy controls into sterile, pyrogen-free disposable syringes with endotoxin-free heparin (10 ku/L). As reported previously [22] , PBMC was separated by standard density gradient centrifugation (Ficoll-Paque method) and adjusted to 3 × 10 9 cells/L in RPMI 1640 supplemented with 100 mL/L heat inactivated fetal bovine serum. PBMC were incubated with or without lipopolysaccharide (LPS) (doses 25 g/L, 250 g/L, 2500 g/L), in the absence or presence of 50 mol/L ethanol for 24 h. Cells were spun down, and PBMC supernatants were stored at -20℃ until measurement of cytokine levels. For RNA extraction, cells were stored at -80℃ in 4 mol/L GTC extraction buffer.
Immunoassay for IL-18, IFN, IL-12, soluble CD14
Concentrations of IL-18 in the serum, supernatants of PBMC and pancreatic tissues were determined by a specific sandwich enzyme linked immunoassay (ELISA; Fujisaki Institute, Hayashibara Biochemical Laboratories, Inc., Okayama, Japan) with minor modifications as described previously [22] . Serum concentrations of IFN were determined by a specific ELISA using two monoclonal antibodies as described previously [28] . Serum concentrations of IL-12 and soluble CD14 were also determined by ELISA technique as described previously [28] .
RNA isolation and IL-18 RT-PCR analysis in PBMC
RNA extraction from PBMC was performed using acid phenol-chloroform extraction [22] . The RNA concentration was quantified spectrophotometrically. Complementary DNA of PBMC was obtained by reverse-transcription (RT) using 1 μg RNA and oligo d(T) primers. PCR for IL-18 and the housekeeping enzyme glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was performed as described previously [22] . Densitometric assessment of the PCR products was performed using EASY Plus 3.2 software (Herolab, Wiesloch, Germany). Semiquantitative PCR results were obtained by grading a ratio between the densitometry results of IL-18 and GAPDH.
Endotoxin assay
Plasma endotoxin levels were deter mined using an automated kinetic turbodimetric limulus amoebocyte lysate microtiter test as described previously [22] .
Pancreatic tissue samples
Pancreatic tissue samples were obtained from 8 patients with chronic pancreatitis and from 2 individuals without pancreatic disease. Two of these patients with chronic pancreatitis were obtained from the present investigation and had later to be operated due to the development of a benign pancreatic mass and intractable pancreatic pain. The remaining 6 patients with chronic pancreatitis and the 2 individuals without pancreatic disease were obtained from clinical routine interventions. In 4 of these patients with chronic pancreatitis, surgery was necessary due to the development of pancreatic cancer.
Human pancreatic tissue and cell lysates of PBMC were homog enized in 5 mmol/L He pes, pH 7.0, 280 mmol/L mannitol, 10 mmol/L KCl, 1 mmol/L MgCl2, 1 mmol/L benzamidine, 20 mg/L tr ypsin inhibitor, 1 μmol/L leupeptin, and 0.2 mmol/L PMSF and boiled in electrophoresis sample buffer. Proteins were electrophoretically separated on SDS-125 g/L polyacrylamide gels. Electrotransfer to nitrocellulose membranes was done as described previously [29] . After staining with 2 g/L Ponceau S to check the efficiency of the transfer, free binding sites of the membrane were blocked with 10 g/L bovine serum albumin in Trisbuffered saline (10 mmol/L Tris-HCl, pH 8.0, and 150 mmol/L NaCl) for 60 min, followed by 75 min incubation with anti-IL-18 antibody (Natutec, Frankfurt, Germany) diluted in Tris-buffered saline plus 2 mL/L Tween 20. Bound antibodies were visualized with secondary antibodies conjug ated to horse radish peroxidase using an enhanced chemiluminescence detection kit (Amersham Pharmacia Biotech, Freiburg, Germany) and autoradiography film (Fujifilm Super HR-E 30, Fuji photo film, Düsseldorf, Germany).
Immunohistochemistry
Frozen tissue specimen were cut in 10 μm cryostat sections, transferred on glass slides and air-dried overnight. Immunohistochemistry was performed according to the streptavidin-biotin method. Sections were washed in trisbuffered saline (TBS) and incubated with 30 g/L bovine serum albumine (BSA) for 10 min at room temperature to block non-specific antibody reactions. The sections were incubated overnight at 4℃ with the primary antibody at a 1:5000 dilution (anti-human IL-18 polyclonal antibody, NatuTec, Frankfurt am Main, Germany). The slides were then rinsed repeatedly with TBS and were incubated with a biotin-streptavidin-conjugated secondary antibody (goat anti-rabbit immunoglobulin-specific antibody, Jackson Immuno Research, West Grove, USA) for 30 min at room temperature. The slides were washed again with TBS and were treated with a streptavidin-alkalinephosphatase complex. Liquid diaminobenzidine was added as chromogen, and counterstaining was performed with hematoxylin. Controls were performed by using mouse serum (Sigma, Saint Louis, USA) as primary antibody and by administration of recombinant human IL-18 (MoBiTec, Göttingen, Germany) in excess to the primary antibody before incubation. Light microscopical investigations were performed using a Zeiss Axioskop microscope.
Statistical analysis
We used the t test, if necessary with the Welch correction for unequal variances, for analysis of IL-18, IFN, IL-12 and soluble CD14 levels between patients and controls. These data are expressed as mean ± SD. P < 0.05 was considered significant. We used paired t tests for the comparison of IL-18 secretion from PBMC. The Bonferroni-Holm correction was applied to adjust for calculating three tests at a time to compare the IL-18 secretion from PBMC after different stimulations.
RESULTS
Clinical characteristics
Alcoholic chronic pancreatitis was diagnosed in 23 patients, and non-alcoholic chronic pancreatitis was found in 6 patients (Table 1 ). According to the recommendations of a workshop on chronic pancreatitis, 21 patients were classified with "definite" chronic pancreatitis, and 8 patients were classified with "probable" chronic pancreatitis (Table 1 ). An episode of acute pancreatitis was excluded in all patients by physical examination, abdominal ultrasound and determination of routine laboratory parameters (Table 2) .
Serum levels of IL-18, IL-12 and IFN in CP patients
The fasted serum IL-18 levels were significantly enhanced by 76% in 29 patients with chronic pancreatitis (mean ± SD: 289.9 ± 167.7 ng/L) compared to healthy controls (n = 30; 165.2 ± 43.6 ng/L; Welch's T test, P < 0.0005). The IL-12 levels were enhanced by 25% in patients (n = 27 due to lack of sample in 2 patients; mean ± SD: 18.3 ± 7.3 ng/L) compared to controls (n = 30, 14.7 ± 6.8 ng/L). We observed a trend towards a statistically significant difference between patients and control subjects (T test, P = 0.0576). Serum IFN levels were not increased in patients (n = 25 due to lack of sample in 4 patients; 28 ± 15.4 ng/L) compared to controls (n = 24 due to lack of sample in 6 controls; 34.4 ± 18.0 ng/L; T test, P = 0.18).
Serum soluble CD14 and plasma endotoxin levels in CP patients
Serum levels of soluble CD14 were similar in patients (n = 16, mean ± SD: 2723.3 ± 649.2 ng/L) and healthy controls (n = 26, mean ± SD: 2630.6 ± 480.3 ng/L; Welch's T-test: P = 0.63). Endotoxemia was not detectable in patients (n = 29) and controls (n = 30).
Expression of IL-18 mRNA in PBMC of CP patients
We investigated the IL-18 mRNA expression in PBMC of patients with chronic pancreatitis by RT-PCR to determine if the enhanced serum IL-18 levels in chronic pancreatitis represent a result of an increased gene expression in PBMC. No significant difference was found between the mRNA expression of IL-18 in patients with chronic pancreatitis (n = 5 patients with highest IL-18 serum levels) in comparison to healthy controls (n = 5 control individuals with lowest IL-18 serum levels) (Figure 1) . The semiquantitative analysis of the ratio between the densitometric results from the PCR-products of IL-18 and GAPDH did not reveal a significant difference. The ratio for patients with chronic pancreatitis and healthy controls was 0.438 ± 0.074 and 0.410 ± 0.082, respectively.
IL-18 protein levels in pancreatic tissues
IL-18 protein levels in pancreatic tissues were determined by ELISA technique in two patients with chronic pancreatitis, and in two individuals without pancreatic disease. The protein levels of IL-18 in chronic pancreatitis tissue (n = 2, 50.5 ng/L and 86.1 ng/L) were enhanced compared to pancreatic tissue from individuals without pancreatic disease (n = 2, 33.6 ng/L and 25.1 ng/L). In these patients and control subjects, IL-18 protein levels in the pancreas were also determined by Westernblot (Figure 2A) . The IL-18 protein levels were again enhanced in patients with chronic pancreatitis compared to the control individuals (Figure 2A ).
IL-18 protein levels in cell lysates of PBMC
IL-18 protein levels were determined in cell lysates of PBMC by Westernblot investigations ( Figure 2B ). We www.wjgnet.com studied PBMC cell lysates from 5 patients with chronic pancreatitis and from 2 control individuals to determine if the elevated levels of IL-18 in patients with chronic pancreatitis result from an increased expression of IL-18 in PBMC. We confirmed IL-18 protein expression in the cell lysates of both patients and controls. However, we did not detect significant differences in IL-18 protein expression between cell lysates from patients and controls ( Figure 2B ).
IL-18 levels in the supernatants from PBMC after incubation with ethanol and LPS
We investigated the IL-18 levels in the supernatants of PBMC from all patients (n = 29) and all controls (n = 30). We stimulated the PBMC with ethanol and LPS to detect a possible influence of these agents on IL-18 secretion from PBMC and to reveal possible differences between PBMC from patients and control subjects. These in vitro studies demonstrated that the basal secretion of IL-18 from PBMC was similar in patients and control individuals.
The stimulation of PBMC with LPS (25 g/L, 250 g/L and 2500 g/L) and the stimulation with LPS (25 g/L, 250 g/L and 2500 g/L) together with ethanol (50 mmol/L) resulted in a dose related and statistically significant enhancement of IL-18 secretion from PBMC of patients and controls (T tests; P < 0.0007) ( Figure 3A and B) . However, we did not detect significant differences in the secretion patterns of IL-18 between PBMC from patients and control individuals.
The incubation with ethanol alone for 24 h did not affect basal IL-18 secretion, but ethanol significantly reduced LPS-stimulated IL-18 secretion by about 50% compared to LPS stimulation alone (T tests; P < 0.0001) ( Figure 3A and B).
The application of the Bonferroni-Holm correction did not change the significance of previously obtained P values.
Immunohistochemistry
We performed immunohistochemical investigations for IL-18 in pancreatic tissues from 6 patients with chronic pancreatitis. In 4 of these patients with chronic pancreatitis, invasive ductal adenocarcinoma of the pancreas had developed and was the reason for pancreatic surgery. In these patients, we investigated the chronic pancreatitis tissue which was free of pancreatic carcinoma tissues. The immunohistochemical analysis of the chronic pancreatitis tissue revealed that clusters of infiltrating mononuclear cells were stained positive for IL-18 by using anti-IL-18 antibody ( Figure 4A ). In chronic pancreatitis tissue, clusters of pancreatic acinar cells were also stained positive for the expression of IL-18 ( Figure 4B ). Thus, IL-18 appears to be expressed in both infiltrating inflammatory cells and pancreatic acinar cells during chronic pancreatitis. In addition, we studied sections from pancreatic carcinoma tissue, and detected positive staining for anti-IL-18 antibody in pancreatic carcinoma cells as well. In general, staining for IL-18 was more pronounced in the samples with pancreatic carcinoma than in the samples from patients with chronic pancreatitis without pancreatic carcinoma. Control investigations with mouse serum and with the IL-18- 
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E t h a n o l / L P S antigene-antibody-mixture revealed no positive staining for IL-18 and confirmed the accuracy of the method ( Figure  4C ).
DISCUSSION
The major findings of the present investigation are: (1) the fasted serum levels of IL-18 are significantly enhanced by 76% in patients with chronic pancreatitis compared to healthy control individuals; (2) the mRNA expression of IL-18, the protein levels of IL-18, and the in vitro secretion of IL-18 after stimulation with ethanol and endotoxin is similar in PBMC from patients with chronic pancreatitis and from healthy control subjects; (3) in vitro, ethanol significantly reduces endotoxin-stimulated IL-18 secretion by about 50%; (4) the IL-18 protein levels in chronic pancreatitis tissue are increased; and (5) IL-18 is expressed in pancreatic acinar cells and infiltrating inflammatory cells within the pancreas.
These results suggest that PBMC are not the main source of the enhanced serum levels of IL-18 in patients with chronic pancreatitis. It rather appears that IL-18 originates from the chronically inflammed pancreas. Indeed, there is increasing evidence that immunological mechanisms play an important role in the development and progression of chronic pancreatitis [9] [10] [11] [12] [13] 30, 31] . Cytokines, growth factors and other immunological mediators are produced by resident cells and recruited cells within the chronically inflammed pancreas and contribute to pancreatic fibrosis [14] . In addition, pancreatic acinar cells also produce, release and respond to cytokines [32] . Thus, we assume that IL-18 participates in the destruction of the pancreas during chronic pancreatitis.
Alcohol consumption represents an important risk factor for the development of chronic pancreatitis. Chronic alcohol consumption leads to an increased gut permeability with subsequent endotoxemia, and endotoxin has been reported as a mediator of alcohol induced liver damage [33] . Studies in ethanol-fed rats also suggest a role of endotoxin in the development of pancreatic injury [34] . Endotoxin strongly induced IL-18 gene expression in PBMC, and the response to endotoxin was mainly regulated by the expression of CD14 [21] . In our study, we did not detect endotoxin in the plasma of patients with chronic pancreatitis, and the soluble CD14 levels were similar in patients and control individuals. However, it has to be stressed that the present study was not designed to investigate the full impact of endotoxin on the development of pancreatic damage. Enhanced endotoxin plasma levels may only be detectable for short periods of time during acute ethanol consumption in humans, whereas the patients in our study had not consumed alcohol on the day of the investigation. In addition, not all patients with alcoholic chronic pancreatitis were still abusing alcohol at the time of recruitment into the study. Therefore, it appears that the enhanced blood levels of IL-18 do not result from endotoxin-mediated mechanisms. Interestingly, our in vitro studies showed that the incubation of PBMC with ethanol decreased the endotoxinstimulated secretion of IL-18 by PBMC thereby suggesting that ethanol consumption modulates the IL-18 expression in the pancreas. However, the role of IL-18 in alcoholic pancreatitis remains speculative since only limited data are available regarding the probably pleiotropic immunological function of IL-18 in chronic pancreatitis.
IL-18 participates both in Th1 and Th2 immune responses [16] . IL-18 induces the production of cytokines such as TNF-α and IL-1 and enhances the production of further chemokines such as IL-8 and MCP-1 [35] that are increased in chronic pancreatitis tissue [10, 31, 36] . Of note, IL-8 plays a major role in the recruitment of infiltrating neutrophils to the site of inflammation [37] . The simultaneous presence of IL-12 and IL-18 results in a marked production of nitric oxide and reactive oxygen intermediates in macrophages and neutrophils [38] which may also facilitate premature intrapancreatic trypsin activation and pancreatic autodigestion [39] . The predominantly antiinflammatory cytokine IL-10 inhibits the synthesis of proinflammatory cytokines such as TNF-α, IL-1, IL-6 and IL-8 and may play a dominant role in protecting the pancreas during pancreatic inflammation [40, 41] . There was only minimal induction of the antiinflammatory cytokines IL-1 receptor and IL-10 through IL-18 [35] , and IL-10 failed to inhibit IL-18 production in response to inflammatory stimuli [42] . Therefore, IL-18 may escape the influence of IL-10 during pancreatic inflammation.
Finally, among its pleiotropic effects, IL-18 strongly induces IFN-γ production [15, 16] . Increased levels of IFN were reported in chronic pancreatitis tissue from humans and animals [13, 43, 44] . Interestingly, the fibrosis in chronic pancreatitis seems to be driven by TGF-β1 [45] , and IFN-γ and TGF-β1 are linked by an antagonistic relationship [46, 47] . INF-γ possesses several antifibrotic characteristics, and IFN-γ has already been used therapeutically in animals and humans with fibrotic diseases [47] [48] [49] . The recruitment and activation of infiltrating cells may depend on the local production of inflammatory mediators such as TGF-β1 and IFN-γ [11, 31] . Recent in vitro studies have demonstrated that TGF-β1 strongly suppressed the production of IFN-γ that had been induced by costimulation with IL-18 and phytohaemagglutinin, a strong stimulator of IFN-γ synthesis, or by costimulation with IL-18 and IL-12 [50] . However, the role of IFN-γ in chronic pancreatitis is not completely clarified, and further studies are required to reveal the role of IL-18 during pancreatic fibrosis.
In conclusion, PSC are activated during pancreatic injury, and these cells produce and release increased amounts of extracellular matrix proteins thereby leading to the fibrotic destruction of the pancreas [6, 7] . Pancreatic stellate cells are activated and regulated on exposure to various proinflammatory cytokines [9] . Thus, future studies should address the role of IL-18 in the context of PSC activation and regulation.
